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AFML- TR-68-Z71

ABSTRACT

This program was conducted to investigate the major factors in-
fluencing the stress corrosion cracking (SCC) of titanium in various
envirornmente under static and dynamic loads. Empha.s. was on deter-
mining the influence of mechanical parameters (such as cyclic loading
frequency, precracking stress level, and strain rate) on the resultant
SCC property data. Ti-8A-lIMo-IV in the duplex annealed condition
was used in this investigation because of its relatively high sensitivity
to SCG. Air, water, and 3. 5 percent NaCl environments were used.

The results indicated that the precracking stress level will affect
the static SCC data Just as higher precracking stresses affect plane
strain fracture toughness resulte. Under dynamic loads a lower cyclic
frequency in a corrosive environment caused a longer cyclic life. The
re suits also indicated that the same parameters recommended (ASTM-
STP-410) for precracking fracture toughness specimens should be re-
commended in the preparation of stress corrosion (precracked) speci-
mens.

The distribution of this abstract is unlimited.
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I LMEST EQUPMENJ

iT-he te-st eqiiipxnent jised In the -investgatiomn .conaisted lofa Schixk
lfatigue -xradhiae -,with 2high :and lowI.f.equency .capAbility, .a Wiedemann

t~nieizaI ts xachine -.with low IT~eguency latgue capabilities, -,anda

72nicxo-iolnxe-, ian.Automatic *Timdng -and :CGont1ols, -luc.. -dmodiilator,
and za Leed-s taaNo.?th1up Co. :ecodex.

A -plastic tciip -xzs-placed ~a-iound the :spe.cimens to .contan Iie liquid
~envizonments,. The cup was s~ei1ed ,with'3,piafflx WSe. ee -7 ILtre 2.

Miue3 ntuetdIibcttcl-,akmwhBale



SECTION NV

TEST PROCEDURE

Four types of basic tests were performed: tensile, moderate strain
rate fracture toughness, static stre.s corrosion, and subcritictal Zatlgue
crack growth at-various frequencies and in differerit environments. In
order to monitor the crack growth of the st~ti and fatigue specimens,
a compltance tecdhlnique was employed (see References 1 and 2). The
calibration of the compliance gage was similar to that reported pre-
viously-iu Reference Z. Fracture toughness and subcritical fatigue
crack growth specimens Were precracked on the Schenck fatigue machine.

TENSILE TESTS

These tests were -peiforined to insure the nmaterial met quality control
specifications. The tests were run in the Wiedemann tensile machine
at room temperature with a head movement rate of 0. 05 inch per minute.

FRACTURE TOUGHNESS

The fracture toughness tests were run at two loading rates in an
attempt oto approximate the two slower rates at which the subcritical fa-
tigue crack growth tests were performed. Loading rates of 109 and
1, 300 KSI per-minuce were obtained. These tests:wete performed on
the Wiedemann tegslle machine at roo.n temperature.

STATIC CRACK GROWTH

Static crack growth tests were run in the Baldwin creep machine.
Initial stress intensity levels for the precracked specimens were close
to the maximum intensity levels encountered at the initiation of sub-
critical fatigue crack growth. Tests were performed at room temperature
in a 3. 5 percent NaCl environment. Compliance Was continuously mon-
itored during the tests. The NMaCl solution was not added until the speci-
men wab-completely loaded.

ft I SUBCRITICAL FATIGUE CRACK GROWTH

I These tests were performed on precracked panels on the Wiedemann
machine at two cycles per minute (cpm) and on the Schenck machine at
40, and 1600 cpm. Three environments-weie used: ambient air, H2 0'3
and 3.5 percent NaCl solution. At the two lower frequencies, two and
40 cprn, :compliance of the specimen was continuously monitored. At
the higher frequency, 1600cpm, crack length was monitored viually

4
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by taping a scale to the specimen and recording the cycles as the crack
propagated past the marks. All tests were run at a constant 'R" ratio
of 0. 1 where "R" = omin/o-max.

SECTION V

RESULTS

TENSILE TESTS

The results of the tensile tests are presented in Table II.

TABLE H

TENSILE DATA

Ultimate Yield
Spec. Strength Strength Elongation(KSI) (KSI) M

1 148.2 134. 2 12.6
2 150.3 133.2 '13. 8,
3 149.1 135-O0 14.0

Avg. i 9.2 134.1 13,5

FRACTURE TOUGHNESS
Fracture toughness tests were un to determine if'higher loading

rates would possibly cause an abrupt pop-in of the crack:front. At room
temperature for the thickness of material used In these tests, no pop-in
is observed when testing at recommended lading rates. Since titanium
alloys are strain 'ate sensitive, it wac thought thut a higher strain rate
might allow less time for pertubation ofthe plastic zone at the tip o the
crack and appyoach a plane strain condition with pop-in. No pop-f! was
observed at the two loading rates tested.

STATIC CRACK GROWTH

Static crack growth tests were run on two specimens in 3. t percent,
NaC solution with the results sho*n -i F gure 4. Specimen 34 was fa-
tigue cracked at a gross stress of 48 KSI and specimen 35 at 25 KSI. I
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I SUBCRITICAL FATIGUE CRACK GROWTH

Fatigue crack gromth curves are as shown in Figures 5 to 7. All
curves generated in a 3.5 percent NaCI solution are replotted on a single
graph in Figure 5. Where more than one curve at a frequency exists,
the average is plotted. Figures 6 and 7 are replots of the curves gen-
erated at Z and 40 cpm, respectively7, in the various environments.

SECTION VI

DISCUSSION AND ANALYSIS

FRACTURE TOUGHNESS

Since titanium alloys are strain rate sensitive, tests were run to
determine if loading rates similar to those employed in subcritical fa-
tigue crack growth tests would cause less perturbation of the strain field
ahead of the crack (smaller plastic zone) and approach a plain strain
condition. If indeed this was the case, a previoucly observed difference
in the subcritical fatigue crack curves at different frequencies could be
attributed to the stress state effect. Since no pop-in was observed in
the tests, no conclusion can be drawn concerning the effects of loading
rate on the mode of subcritical fatigue crack propagation.

STATIC CRACK GROWTH

The material used in this investigation appears to be SCC sensitive.
One of the precracked specimens tested under static loading failed within
six rainutes after the introduction of 3.5 percent NaCI solution. The other

,statically tested specimen, which was also fatigue cracked -but at a higher
stress level, did not fail after six days in the same corrosive environment
and stress level. This difference can be attributed to the sharpness of
the cracks generated under thz different fatigue cracking loads. Appar-
ently the higher fatigue cracking loads produced a blunter crack front
which would require a higher apparent plane strain stress intensity factor
for crack initiation. This blunted crack inhibited SCC initiation in the one

specimen. This behavior has been previously observed in fracture tough-
ness testing and indicates the same procedures that apply to fracture

toughness testing would be useful for precracking SCC specimens. (See
Reference 3.)

SUBCRITICAL FATIGUE CRACK GROWTH

Referring to Figure 5, a definite frequency effect can be noted for
specimens tested in a corrosive environment. Lower frequencies tend to

7
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jprodce-ho.te 'ccclf Wih Is mudexstazidable considexin~g Ahe 99en-I

oitivity of the xaaterial ,to .SCC, At the &lwex requency the .ctcktip is
2 ex~~~pofied to stress intensities greatezr 1han the thz~es~i~d~C~sei nei

Sity, (%~C6) fora lomnger pexiod tof time m.n eacl cy-cle, Therefoxe,
the .mechanica effects of yxropagating acrack k(aa air environment czadk
,propagatioi) 'have supezimposeduxpon them the SCC effects of cracky ~xqcp-
.Igation. At -a itghex freguency the time lox SC( ~on .each cyce Is ~e-
kcreas-ed, Anid Its effect is lelt les on eadh cycle causing a iongcx cyclic
life. At-the JA.her' frequency lested, \(i16,00,cpmi) ,SCC contxztbutes less

to vczack px~psagation =nd A still Iongex cyclic Wie Is obszxed.j

'Previous results preiented in Refex~ence 2 indicated a zeverve xslatioh-
s ip cbt~en frequency and ,cycliclife that was moted in Whs yrgranz.

owevmex, ,A-ata An thfe pxgxious pxc~gram \was ,d'btinedlor. konly two Ire-
~quecie, 2.an 40cpr, Uoth of wihi kcan'bo zonsidexed Jow Irequencies.

ReAliziug this early limitation, the jpresent pxogram included a £reatex
frequency :spectrum; consequently, the xesults prezented hexein =mUst
'be considexed correct.

'9oin AplaneCompanyhbas Ahow that &he s-tress aIntensity at wlich
~SCC will oc cur -undex dynamic: loading is slightly ld'her ,than that lox
static ioadin~ ,and Is related ttothe loadl~g xate. See Rleference 4. .AtI lower 1oadiqg rates in A 3,5 per~entiWaC1 A.6lution, pop-Invoccurred
slightly above the static IIISCr limit. As the strAin rate-was lncreased,

resultisof Refexence 4 tend to confirm the ludhings 1n this investgation
that lower freque~ncies lowex loading xates) az accomrpanied byg£reatex
cxacl! p-er cycle-

If he eclanism of subcriticai-fatigue4crac1k growth ls a xeclaia

phenomenon, tests in 3. '5 per-cent Naql sblution and 1120 4 shoildpxoducef sBimlarresults, Rfexzingto YF~gnzr&es £and 7~, It ocanlie zeen that both
:a ; MC solution and Hl20 environments decrease, the crack gxzowlh Wie a
con pared to an air enixonment. Bowever, thed4e~radlxg effect kof the
Ml20 -is less than thefdegradingeffects of 3-5 ypercent i~aCl solution. At
40,cpxn the-,effect of the V'aClis considerably more severe lbAn thc if2
'while, at 7.,cpm only a =oderate ,Vfexence is noted between the mNaClk
solution. and the H120.

7rom-these rPesUlts ~o-definite statement caxi be -iade concering the
,mec anism of environmental asubcritical crack growth undex fatigue loading.
'The inability to separate viariableB-is partiAiy attributed to the small
range 4of frequence I ve waOhata was generated log te 4~ee~wrn

muentv,. Aljtoiigh there ls aliactor of 20 between the 1wo lower frequen-
cies, the -two frequencies cza AtMl -be classified As low feuny

-fIIuC1Y
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